The aim of this study was to determine the efficacy and safety of subcutaneous weight-adjusted dose low molecular weight heparin (LMWH) compared with oral anticoagulant (OA) in the prevention of recurrent venous thromboembolism. In a prospective multicenter trial, 202 patients with symptomatic proximal deep vein thrombosis (DVT) were included. As soon as the diagnosis of DVT was confirmed by phlebography, 101 were randomly assigned to receive LMWH (nadroparin) for secondary prophylaxis and 101 to receive OA (acenocoumarol). Patients in both groups were initially treated with nadroparin in a dose of 85 anti-Xa IU/kg s.c. every 12 h. Secondary prophylaxis with either nadroparin, 85 anti-Xa IU/kg s.c. once daily, or acenocoumarol was continued for at least 3 months. Three patients in the LMWH group and 6 in the OA group were excluded from analysis for various reasons. During the one-year combined secondary prophylaxis and surveillance period, 7 of of the 98 evaluable patients (7.1%) in the LMWH group and 9 of the 95 evaluable patients (9.5%) in the OA group had a documented recurrence of venous thromboembolism (Fisher's exact test, p = 0.61). Of these, 2 patients who received LMWH and 7 patients on acenocoumarol had recurrences in the 3-month period of secondary prophylaxis. Four patients (4.1%) in the LMWH group developed bleeding complications during this study period, as compared with 7 (7.4%) in the OA group (Fisher's exact test, p = 0.37). There were two major bleedings, one in the LMWH group and one in the OA group. Eleven patients died, 5 (5.1%) in the LMWH group and 6 (6.3%) in the OA group. It is concluded that nadroparin in a dose of 85 anti-Xa IU/kg s.c. once daily provides an effective and safe alternative to oral anticoagulants in the secondary prophylaxis of DVT.
Introduction
The standard treatment in patients with deep vein thrombosis (DVT) consists of the intravenous infusion of unfractionated heparin (UFH) for 5 to 10 days (initial therapy) followed by the administration of an oral anticoagulant for at least 3 months (secondary prophylaxis). Although long-term anticoagulation with coumarin drugs, the most popular of which are warfarin and acenocoumarol, has been repeatedly demonstrated effective in the prevention of recurrent venous thromboembolism, it suffers from a number of limitations. This treatment requires strict laboratory control and consequent adjustments of the drug dosage and carries a substantial risk of bleeding complications (1) . Futhermore, it is unacceptable for pregnant women because coumarin drugs cross the placenta and confer a risk of characteristic embryopathy, if prescribed in the first trimester, and central nervous system abnormalities at every stage of pregnancy (2) .
Recently, several randomized studies have shown that low molecular weight heparins (LMWHs) are safe and effective in preventing venous thromboembolism (3, 4) , and at least as safe and effective as UFH in the initial treatment of acute deep vein thrombosis (5) (6) (7) (8) (9) (10) (11) (12) . In two recent studies they have also been administered successfully in patients with pulmonary embolism (13, 14) . LMWHs have better bioavailability when administered subcutaneously, a longer plasma half-life, and more predictable anticoagulant response than UFH (15) . These properties allow LMWHs to be administered subcutaneously either once or twice daily in doses adjusted only to the patient's weight, without laboratory monitorning. Their use may be associated with lower risk of heparin-induced osteoporosis compared to UFH (16, 17) . It is still an open question whether LMWH can be used as an alternative to oral anticoagulants in the prevention of recurrences after DVT. This study was designed to determine the efficacy and safety of subcutaneous weight-adjusted dose LMWH compared with acenocoumarol in the secondary prophylaxis of DVT.
Patients and Methods
Selection of patients. Patients 18 years of age or older with phlebographically proven proximal DVT (thrombosis involving the popliteal vein or a more proximal vein) and duration of symptoms not longer than 3 weeks were considered for the study. Patients were excluded from the study if they had any of the following: contraindication to anticoagulant therapy, pregnancy, phlegmasia coerulea dolens, documented hereditary thrombophilia, antiphospholipid antibodies, thrombolytic therapy or operation scheduled, recent surgery (Ͻ8 days), intervention in the central nervous system within the last 4 weeks, concurrent symptomatic pulmonary embolism, history of venous thromboembolism in the last two years, treatment with UFH, LMWH or oral anticoagulants more than 72 h prior to enrollment, malignancy or aneurysm known to be the local cause * A list of other coauthors can be found in the Appendix on page 30.
Correspondence to: Dr. S. Lopaciuk, Institute of Hematology and Blood Transfusion, Chocimska 5, 00-957 Warsaw, Poland -FAX Number: +4822497538; Tel.: +4822497538 of venous occlusion, obstruction of the vena cava by a filter, known allergy to iodine, life expectancy of less than 6 months, treatment with platelet function inhibitors that could not be discontinued, an inability for follow-up visits to the clinic. The study protocol was reviewed and approved by the ethics committees of the participating centers.
Study design. This was a prospective, open, randomized, two-armed clinical trial conducted in 11 centers in Poland. The recruitment period was 19 months, from April 1995 to November 1996. As soon as diagnosis of proximal DVT was confirmed by phlebography, informed consent was obtained and, prior to the initial treatment, eligible patients were randomly allocated (through a system of sealed envelopes) to receive for the secondary prophylaxis either LMWH (nadroparin) or oral anticoagulant (acenocoumarol).
Treatment regimens. The patients were hospitalized for approximately 2 weeks and then treated at home under supervision of the treatment center. The initial therapy was similar for both groups: the patients received nadroparin (Fraxiparine, Sanofi Winthrop, Paris) in a fixed dose of 85 anti-Xa IU (225 antiXa Institute Choay units) per kilogram of body weight s.c. twice daily. The medication was supplied in prefilled syringes each containing 5700 anti-Xa IU in 0.6 ml or 9500 anti-Xa IU in 1.0 ml (15,000 or 25,000 anti-Xa Institute Choay units). There was no laboratory monitorning. Whenever possible, patients were allowed to walk on the third day of initial therapy, wearing elastic support.
In the LMWH group, high-dose nadroparin was administered for 10 days, and from day 11 onwards the patients still received subcutaneous injections of nadroparin in a fixed dose of 85 anti-Xa IU per kilogram of body weight, but only once daily. Upon discharge from the hospital the patients received a three to four-week supply of nadroparin in prefilled syringes. Each patient was instructed by a study nurse in the method of self-injection and was informed about the excess amount of LMWH to be removed before the injection. If self-administration was impossible, the injections were given by a relative or a visiting nurse.
In the OA group, high-dose nadroparin was administered for 10 days, provided the INR on day 11 was 2.0 or more, or 1 to 2 days longer, in the INR was below 2.0. The treatment with acenocoumarol (Acenocumarol, Polfa-Warsaw, 4 mg tablets) was initiated on day 7 of the initial therapy, i.e. at least four days before subcutaneous LMWH was discontinued. The doses were as follows: 1st day -6 mg, 2nd day -4 mg, from the 3rd day onwards -adjusted to maintain the INR between 2.0 and 3.0.
Secondary prophylaxis with either LMWH or oral anticoagulant was continued for at least 3 months. During the initial treatment, hemoglobin and hematocrit measurements, blood platelet counting and urine analysis were carried out every second day. In patients assigned to OA, prothrombin time was measured at least every second day during hospitalization, starting from the third day of the drug administration, and then at least every third week. The quality of anticoagulation in each patient was estimated as good, if at least 4 of the 6 INR values (on day 11-12, before discharge and during follow-up visits) were Ն2.0, or poor, if 3 or more INR values were Ͻ2.0.
Assessment of venous thromboembolism. Ascending phlebography was performed using non-ionic contrast medium (Ultravist 300, Schering) in all the patients before entry into the trial and repeated during follow-up only in those with clinically suspected recurrent DVT. The criteria for DVT were a constant intraluminal filling defect confirmed in at least two projections or nonvisualization of a vein or a venous segment, despite adequate technique. Recurrent thrombosis was diagnosed if there was a new constant intraluminal filling defect compared to the baseline phlebography (18, 19) .
Chest X-ray and perfusion or ventilation-perfusion lung scans were performed in all patients within 72 h of enrollment and their results were interpreted according to standard procedures (20) . A new perfusion or ventilation-perfusion lung scan was performed only in patients with clinically suspected pulmonary embolism. If the lung scan was inconclusive, pulmonary angiography was done. A recurrence was defined as a new segmental or greater perfusion defect or a positive pulmonary angiogram (an intraluminal defect or a sudden cutoff in the area where the initial perfusion lung scan showed normal perfusion).
Compliance. Compliance in patients randomized to LMWH was monitored by checking injection sites and syringe counts at follow-up visits. Compliance in patients randomized to OA was monitored through the prothrombin time determination.
Follow-up. After discharge, the patients were seen routinely by the physician at the treatment center at fixed intervals and were instructed to report at once if symptoms or signs suggestive of DVT, pulmonary embolism or bleeding developed. At each visit (3, 6, 9 and 12 weeks and then 6, 9 and 12 months after the end of the initial treatment) a history was taken, physical examination performed and blood samples collected for the complete blood count. In patients on acenocoumarol the prothrombin time was also determined.
Outcome events. The principal outcome events studied in this trial were symptomatic recurrent venous thromboembolism within one year after the initial therapy (i.e. during the 3-month secondary prophylaxis and 9-month surveillance period) confirmed by objective testing, and bleeding during the 3-month secondary prophylaxis. Bleeding was defined as major if it was overt and associated with a fall in the hemoglobin level of 2.0 g/dl or more or with a need for the transfusion of 2 or more units of packed red cells, or if it was retroperitoneal or intracranial. Bleeding was defined as minor if it was clinically overt but did not meet the criteria for major bleeding. Other outcomes were the occurence of thrombocytopenia and total mortality. Thrombocytopenia was defined as present if the platelet count fell bellow 100 ϫ 10 9 /l. Heparin-induced thrombocytopenia type II was defined as a marked reduction in the platelet count appearing five or more days after the start of heparin therapy plus a positive test for the presence of heparin-dependent antibodies (21) .
Statistical analysis. The sample size calculation was based on the comparison of the two study groups with respect to the incidence of recurrent venous thromboembolism. Based on results of previous trials (1, 22, 23) , the expected incidence of recurrences in the OA group was 15% during one year of followup. Under this assumption, 90 patients per group were required to ensure that a 2-fold increase in the incidence of recurrent venous thromboembolism in the LMWH group would be detected with an ␣ error of 0.05 and ␤ error of 0.2.
The results were compared by Fisher's exact test. A probability value less than 0.05 was considered significant.
Results

Study Patients
A total of 202 patients with phlebographically confirmed proximal DVT were entered into the trial and randomized to either LMWH group (n = 101) or OA group (n = 101). Of these, 9 patients were excluded from the analysis, 3 assigned to LMWH and 6 assigned to OA. Reasons for the exclusion are listed in Table 1 . There was one sudden death of unknown cause (necropsy was not performed) and one symptomatic pulmonary embolism confirmed by scintigraphy in the LMWH group during the initial treatment. One patient of this group was shifted to unfractionated heparin on the 2nd day of initial treatment following the decision of a physician based on clinical signs suggestive of the 
to randomization and in 3 the secondary prophylaxis could not be controlled at the treatment center because of consent withdrawal. In one patient of this group with a floating thrombus in the iliac vein a surgical thrombectomy was performed on the 3rd day after randomization.
Thus, for the final analysis there were 98 evaluable patients in the LMWH group and 95 in the OA group. The treatment groups did not differ in basic features such as sex, age, weight and duration of symptoms (Table 2) . Likewise, the incidence of various predisposing factors did not vary significantly between the two groups. The proportion of patients with malignant disease was approximatety 6% in either group.
None of the patients refused to accept the LMWH treatment because of their dislike for subcutaneous injections. Sixty patients received nadroparin by self-injections, in 25 the injections were performed by a visiting nurse, and in 13 by a relative. Anticoagulation with acenocoumarol during the 3-month secondary prophylaxis was estimated as good in 79% of patients and poor in 21%.
Recurrent Venous Thromboembolism
During the one year follow-up (3-month secondary prophylaxis and 9-month surveillance period), 7 of the 98 patients (7,1%) in the LMWH group had a documented recurrence of venous thromboembolism, as compared with 9 of the 95 patients (9.5%) in the OA group (Fisher's exact test, p = 0.61). All recurrences of DVT, except one in the OA group, were in the same limb. There were 7 episodes of symptomatic pulmonary embolism, 2 in the LMWH group and 5 (one fatal) in the OA group (Table 3) .
Two patients receiving LMWH and 7 on acenocoumarol developed recurrences during the 3-month secondary prophylaxis (Fisher's exact test, p = 0.10). In the subsequent 9-month surveillance period, there were 7 recurrences of venous thromboembolism; 5 in patients assigned to LMWH and 2 in patients assigned to OA (Fisher's exact test, p = 0.45). Within this period, 21 patients (22%) in the OA group had the acenocoumarol treatment prolonged to 6 months, 5 (5%) to 9 months and 15 (16%) to one year, following the advice of their treating physician. Treatment with nadroparin was prolonged to 4 or 5 months in 7 patients (7%), and to 9 months in 1 patient (1%) of the LMWH group. All new episodes diagnosed during the surveillance period, except one in the OA group, occurred in patients no longer treated with an anticoagulant.
Complications Involving Bleeding
No hemorrhagic complications were observed during the 10-day initial treatment period. During the 3-month period of secondary prophylaxis, there were 4 bleeding events among the patients treated with LMWH and 7 among those on acenocoumarol (Fisher's exact test, p = 0.37). Of these, 2 involved major bleeding, one in the LMWH group and one in the OA group (Table 4 ). Both patients with major bleeding required hospitalization and transfusions of packed red cells. In neither case a predisposing disorder was found. The minor bleedings were hematuria, gingival and epistaxis which did not require hospital admission. During the surveillance period, one patient in the LMWH group developed gastrointestinal bleeding; the patient had metastatic cancer and died shortly after the event of the neoplastic disease progression.
None of the patients developed heparin-induced thrombocytopenia type II. Two patients in the LMWH group and 2 in the OA group had a mild and transient decrease in the platelet count (to 90 ϫ 10 9 /l) during initial treatment. A mild and transient thrombocytopenia (with a platelet count of 79-90 ϫ 10 9 /l) was also observed in 2 patients during secondary prophylaxis, in 1 receiving LMWH between day 11 and 17 and in 1 on acenocoumarol between day 11 and 13.
Deaths
Five patients in the LMWH group and 6 in the OA group died during the one year follow-up. The causes of death included metastatic cancer, pulmonary embolus and heart failure ( Table 5) . Table 2 Base-line characteristics of the study patients eligible for final analysis Table 3 Recurrences of thromboembolism during the study Table 4 Bleeding complications during the study
Discussion
It has been shown in a randomized trial that UFH administered s.c. for 3 months in a dose adjusted to prolong the mid-interval activated partial thromboplastin time (APTT) to 1.5 times the control values provides an effective alternative to warfarin and is associated with a lower risk of bleeding (1). However, in clinical practice adjusted-dose unfractionated heparin has not replaced oral anticoagulants for secondary prophylaxis of DVT, probably because it requires monitorning during the first days of treatment and twice-daily dosing. Physicians also may be reluctant to use UFH for longer period of time fearing osteoporosis.
The long-term use of LMWHs has been evaluated in three recent studies. Monreal et al. (17) compared UFH (10,000 IU twice daily s.c.) to LMWH (dalteparin, 5000 anti-Xa IU twice daily s.c.). Both drugs were administered for a period of 3-6 months to prevent venous thromboembolism in patients with DVT and contraindications to oral anticoagulants, such as age over 80, a history of recent bleeding, recent neurosurgery or chronic alcoholism. No recurrent symptomatic DVT was observed during the first three months of treatment but two patients in the unfractionated heparin group developed pulmonary embolism. No major bleeding was reported in either group. Seven patients developed osteoporotic spinal fractures, 6 of the 40 patients on unfractionated heparin and 1 of the 40 on LMWH. Two groups of investigators (24, 25) compared LMWH to warfarin for secondary prophylaxis of DVT after a 10-day initial therapy with UFH. In a clinical trial conducted by Pini et al. (24) , LMWH (enoxaparin) was used in a fixed dose of 40 mg (4000 anti-Xa IU) once daily s.c. Das et al. (25) used LMWH (dalteparin) in a fixed dose of 5000 anti-Xa IU once daily s.c. In both studies there was a small (non-significant) trend to a higher incidence of recurrent venous thromboembolism and a more convincing evidence of fewer bleeding complications in the LMWH group. As suggested by the authors, a higher dose of LMWH for the secondary prophylaxis could lead to improved efficacy and still maintain safety.
In the present study, LMWH (nadroparin) was administered for both the initial therapy and the secondary prevention of recurrent thromboembolism in a dose adjusted to body weight. The 10-day initial treatment with subcutaneous nadroparin given twice daily and administered jointly with acenocoumarol for 4 days has been evaluated in our previous trial and has been shown to be effective and safe anticoagulation in patients with acute DVT (9) . The optimal duration of the initial heparin therapy in patients with venous thromboembolism has not been completely resolved. Short courses of heparin (4 to 7 days) with oral anticoagulation commenced on the first or second day are currently used in many hospitals because of economic factors. However, this approach may not be appropriate for patients with massive iliofemoral vein thrombosis or pulmonary embolism (26) . On the other hand, treatment with LMWH for a period longer than 10 days was recommended in one study on the basis of phlebographic findings (27) .
In the vast majority of our patients the LMWH dose for secondary prophylaxis was larger than the fixed dose administered by Pini et al. (24) . There was a lower incidence of recurrent thromboembolism during the 3-month period of secondary prophylaxis in patients on LMWH compared to those on acenocoumarol, but the difference between the two groups is not significant. This trend, however, was not observed during the 9-month surveillance period, most likely because the two groups were not balanced with respect to the prolonged administration of an anticoagulant drug. Of the 5 new episodes of venous thromboembolism observed in the LMWH group during the surveillance period, 4 occurred in patients with idiopatic DVT after nadroparin withdrawal. During the combined secondary prophylaxis and surveillance period, 7.1% of patients in the LMWH group had recurrences, as compared with 9.5% in the OA group; this difference is not significant.
The incidence of major bleedings during the 3-month period of secondary prophylaxis was low in both groups, 1 in the LMWH group and 1 in the OA group. As in the two previously published trials (24, 25) minor bleedings were fewer in patients receiving LMWH than in patients on acenocoumarol (3.1% versus 6.3%), and this was a non-significant difference. These results indicate the LMWH is a safe antithrombotic drug.
The number of deaths was similar in the two treatment groups. Seven patients died of metastatic cancer, 4 in the LMWH group and 3 in the OA group. Thus, our data are consistent with those of Pini et al. (18) and do not support the opinion that the treatment with LMWH could exert a favourable effect on cancer progression (28) . However, the number of cancer patients included in this study was relativy small.
We did not perform a cost analysis comparing LMWH and acenocoumarol for the 3-month secondary prophylaxis of DVT. LMWHs are more expensive than acenocoumarol or warfarin. However, as estimated by Das et al. (25) , the total cost may be lower for patients treated with LMWH than for those receiving OA, mainly due to a difference in inpatient days. In the trial conducted by these authors, the period of hospitalization was reduced by an average of 3 days for patients allocated to receive LMWH.
Our study has two limitations: 1) The treatment groups were not balanced with respect to the continuation of secondary prophylaxis beyond the planned 3-month period. Following the directions of treating physicians, 43% of acenocoumarol treated patients continued oral anticoagulant therapy for a period longer than 3 months, whereas the treatment with nadroparin was prolonged only in 8% of patients in the LMWH group. Similar imbalance appeared in the study of Pini et al. (24) . The 3-month secondary prophylaxis is currently considered too short for patients with idiopatic DVT or continuing risk factor (19, (29) (30) (31) . This view is supported by the study of Prandoni et al. (32) who reported a recurrence rate of 24% in patients with idiopatic DVT as compared with 4.8% in patients with secondary thrombosis, during a mean follow-up of 80 weeks. 2) The sample size was relatively small. Therefore a minor difference between the treatment groups in the incidence of major bleeding events may have remained undetected.
Bearing these limitations in mind, we may conclude that subcutaneous injections of nadroparin in a dose of 85 anti-Xa IU/kg bw. (225 antiXa ICU/kg) once a day, i.e. half of a daily dose administered during the initial treatment, are safe and at least as effective as treatment with acenocoumarol in the secondary prophylaxis of DVT. It seems most unlikely that LMWHs shall replace warfarin or acenocoumarol in most patients with DVT due to the greater convenience of oral therapy. However, subcutaneous weight-adjusted dose LMWH may be an useful alternative to oral anticoagulants in selected groups of patients. Since the LMWH administration does not require laboratory control, it could be a treatment of choice in patients from geographically remote areas in whom monitorning of oral anticoagulant treatment is unavailalble or unpractical. The best candidates for secondary prophylaxis with LMWH are patients with transient risk factors for DVT for whom an anticoagulation for a period not longer than 3 months could be adequate Table 5 Causes of death in the treatment groups and a regular laboratory monitorning is a hardship. Long-term treatment with LMWH can also be recommended for patients with a relative contraindication to oral anticoagulants, such as chronic alcoholism or pregnancy. The dose of LMWH in pregnant women should probably be higher than that used in our study. This remains to be estimated in a future clinical trial.
